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AB S T R ACT 

The f o l l o w i n g  t h r e e  t y p e s  o f  l i g a n d  c o n t a i n i n g  polymers  
are b e i n g  developed  f o r  u se  as s e p a r a t o r  materials i n  s t e r i l i z a b l e  
s i l v e r - z i n c  b a t t e r i e s :  

(1) Styrene-male ic  anhydr ide  copolymers;  
( 2 )  S tyrene-male ic  anhydride-methyl  m e t h a c r y l a t e  

( 3 )  40:60 2-v inylpyr id ine-methyl  m e t h a c r y l a t e  
t e rpo lymers ;  and 

cop0 lymer  . 
The mechan ica l  s t r e n g t h  and f l e x i b i l i t y  of  o u r  s ty rene -ma le i c  
a n h y d r i d e  copolymer f i l m s  has been s i g n i f i c a n t l y  improved by u s i n g  
un i fo rmly  h igh  molecu la r  w e i g h t  materials. 

The t e r p o l y m e r s  have e x c e l l e n t  f i l m  p r o p e r t i e s  and are 
b e i n g  m o d i f i e d  t o  l o w e r ' e l e c t r i c a l  r e s i s t i v i t y  i n  40% KOH. 
Polymers w i t h  h ighe r  c o n t e n t s  b f  h y d r o l y z a b l e  acry la te  and anhydr ide  
g roups ,  were prepared. I n s o l u b l e  polymers  of t h i s  t y p e  had 
r e s i s t i v i t i e s  from 35 t o  70 ohm-in. a f t e r  s t e r i l i z a t i o n .  Polymers 
w i t h  v e r y  h igh  h y d r o l y z a b l e  c o n t e n t s  had some s o l u b i l i t y  i n  
e l e c t r o l y t e  and are b e i n g  modi f ied  by c r o s s l i n k i n g  t o  make them 
i n s o l u b l e .  

R e a c t i o n  c o n d i t i o n s  f o r  p r e p a r a t i o n  of t h e  40:60 2-vi'nyl- 

Po lymer i za t ion  t o  h i g h  c o n v e r s i o n s  gave 
py r id ine -me thy l  m e t h a c r y l a t e  polymer were s t u d i e d  t o  i n c r e a s e  
t h e i r  m o l e c u l a r  we igh t .  
s i g n i f i c a n t  i n c r e a s e s  i n  molecular  weight .  
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I .  I N T R O D U C T I O N  

The primary objective of this program is the development 
of highly stable battery separator materials that will function 
satisfactorily in a sealed Ag-Zn secondary battery after heat 
sterilization at 135"C, and have sufficient flexibility and 
mechanical strength so that they can be incorporated into the 
battery system by practical fabrication techniques. 
of ligand-containing polymers that showed a great deal of promise 
for use as heat sterilizable separators for the Ag-Zn cell in 
preliminary tests in our initial JPL 951524 program are now 
being developed. These are: 

Three types 

1. Hydrolyzed copolymers of 2-vinylpyridine-methyl 

2. Hydrolyzed styrene-maleic anhydride-methyl methacrylate 

3. Styrene copolymers containing 8-hydroxyquinoline 

methacrylate and of styrene-maleic anhydride; 

terpolymers; 

substituents. 

During this report period our objectives were as follows: 

1. Determine the molecular weight range for styrene- 
maleic anhydride copolymers with the best mechanical properties 
and film-forming ability; 

2. Improve the electrical properties of the styrene- 

Prepare films and evaluate the electrical and mechanical 

maleic anhydride-methyl methacrylate terpolymers; 

properties o f  high molecular weight styrene-maleic anhydride 
copolymers and the' terpolymers; 

3. 

4. Study the reaction conditions for preparation of the 
40:60 2-vinylpyridine-methyl methacrylate copolymer to increase 
its molecular weight. 

1 



1 1 .  SUMMARY 

The f o l l o w i n g  t h r e e  t y p e s  of l i g a n d - c o n t a i n i n g  polymers  
which showed promise  as b a t t e r y  s e p a r a t o r  materials f o r  s t e r i l i z a b l e  
s i l v e r - z i n c  c e l l s  i n  o u r  i n i t i a l  program are now b e i n g  f u r t h e r  
deve loped:  

1. Sy t rene -ma le i c  anhydr ide  copolymers;  

2 .  S ty rene -ma le i c  anhydride-methyl  m e t h a c r y l a t e  t e r p o l y m e r s ;  

3 .  40:60 2-v inylpyr id ine-methyl  m e t h a c r y l a t e  copolymers;  

The u s e f u l n e s s  of t h e  s ty rene -ma le i c  a n h y d r i d e  copolymer 
was p r e v i o u s l y  l i m i t e d  because t h e  low m o l e c u l a r  weight  samples  
t h a t  were used gave ha rd ,  b r i t t l e  f i l m s  i n  a d r y  a tmosphere .  
High m o l e c u l a r  weight  s a m p l e s  o f  t h i s  copolymer hav ing  i n t r i n s i c  
v i s c o s i t i e s  of  4 . 3  and 1 . 8 ,  compared t o  0 .8  f o r  t h e  e a r l i e r  samples ,  
were p r e p a r e d .  These polymers formed f i l m s  w i t h  much g rea t e r  
f l e x i b i l i t y  and a l s o  s l i g h t l y  h igher  t e n s i l e  s t r e n g t h .  The polymer 
w i t h  1 . 8  i n t r i n s i c  v i s c o s i t y  h a s  b e t t e r  f i lm-forming  p r o p e r t i e s  
t h a n  t h e  h i g h e s t  m o l e c u l a r  weight polymer,  because  of h ighe r  
s o l u b i l i t y  i n  t h e  c a s t i n g  s o l v e n t .  

The s ty rene -ma le i c  anhydride-methyl  m e t h a c r y l a t e  t e r p o l y m e r s  
=see befsre gave f i l m  with  good rnecnanical p r o p e r t i e s ,  b u t  
had e l e c t r i c a l  r e s i s t i v i t i e s  a f t e r  s t e r i l i z a t i o n  t h a t  were c l o s e  
t o  t h e  u s a b l e  maximum o f  60 ohm-in. S e v e r a l  t e r p o l y m e r s  were 
p r e p a r e d  from r e a c t a n t s  c o n t a i n i n g  a h i g h  r a t i o  o f  m a l e i c  a n h y d r i d e .  
It was n e c e s s a r y  t o  prepare these polymers  i n  methylene c h l o r i d e  
s o l v e n t  t o  o b t a i n  h i g h  molecu la r  weights .  The s t r o n g  a z e o t r o p i c  
e f f e c t  i n  p o l y m e r i z a t i o n  o f  these  monomers l i m i t e d  t h e i r  anhydr ide  
c o n t e n t  t o  under  about  4 0 % .  For  t h i s  r e a s o n ,  o t h e r  m o d i f i c a t i o n s  
o f  t hese  polymers  were made t o  o b t a i n  l a r g e r  improvements i n  
t h e i r  e l e c t r i c a l  p r o p e r t i e s  t han  cou ld  b e  r e a l i z e d  from t h i s  
polymer compos i t ion .  

The major  m o d i f i c a t i o n  was t o  i n c o r p o r a t e  e a s i l y  h y d r o l y z a b l e  
m e t h y l  a c r y l a t e  u n i t s  i n  t h e  polymer t o  make t e t r a p o l y m e r s .  
These polymers  were r e a d i l y  p repa red  by b u l k  p o l y m e r i z a t i o n  and 
had s l i g h t l y  h i g h e r  molecu la r  w e i g h t s  t h a n  t h e  t e r p o l y m e r s .  
Sample f i l m s  of t e t r a p o l y m e r s  prepared  from 43:25:10:22 and 
48:25:10:17 c h a r g e s  of s ty rene -ma le i c  anhydride-methyl  m e t h a c r y l a t e -  
m e t h y l  ac ry la te  had e l e c t r i c a l  r e s i s t i v i t i e s  from 35 t o  70 ohm-in. 
a f t e r  s t e r i l i z a t i o n  i n  40% KOH. F i l m s  of  t e t r a p o l y m e r s  from c h a r g e s  
c o n t a i n i n g  h i g h  c o n t e n t s  of hydro lyzab le  anhydr ide  and a c r y l a t e  
g r o u p s ,  t h a t  shou ld  have lower r e s i s t i v i t i e s ,  c o u l d  no t  b e  t e s t e d  
because  of some s o l u b i l i t y  i n  40% KOH a f t e r  s t e r i l i z a t i o n .  
These  polymers  a re  b e i n g  modif ied by  i n c o r p o r a t i o n  of  2-chloro-  
e t h y l v i n y l  e t h e r  u n i t s ,  which w i l l  a c t  as s i t e s  f o r  c r o s s l i n k i n g  
t h e  polymers  d u r i n g  f i l m  fo rma t ion  t o  make them i n s o l u b l e .  

2 
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The r e a c t i o n  c o n d i t i o n s  used  t o  p r e p a r e  t h e  40:60 2-vinyl-  
py r id ine -me thy l  m e t h a c r y l a t e  copolymer were s t u d i e d  i n  a n  e f f o r t  
t o  i n c r e a s e  i t s  m o l e c u l a r  w e i g h t .  The polymer i s  p r e p a r e d  by 
b u l k  p o l y m e r i z a t i o n  o f  a 3 0 : 7 0  monomer c h a r g e .  Reac t ion  v a r i a b l e s  
t h a t  were s t u d i e d  i n c l u d e  t e m p e r a t u r e ,  c a t a l y s t  c o n c e n t r a t i o n ,  
and degree of  conve r s ion .  Polymers w i t h  s i g n i f i c a n t l y  h ighe r  
m o l e c u l a r  weight  were ob ta ined  a t  h igh  c o n v e r s i o n s ,  i n d i c a t i n g  
t h a t  c o u p l i n g  i s  t h e  major  mode of  c h a i n  t e r m i n a t i o n  f o r  t h i s  
polymer.  

3 



1 1 1 .  DISCUSSION OF RESULTS 

A .  PREPARATION OF POLYMERS 

1 .  S t v r e n e - . M a l e i  c A n h v d r i d e  C o D o l v m e r  

We had found p r e v i o u s l y  ( r e f .  1) t h a t  f i l m s  o f  Lytron@ 810,  
s t y r e n e - m a l e i c  a n h y d r i d e  copolymer, had e x c e l l e n t  e l e c t r i c a l  
p r o p e r t i e s  f o r  a b a t t e r y  s e p a r a t o r  material ,  b u t  were hard  and 
had low f l e x i b i l i t y  i n  d r y  a tmospheres .  T h i s  copolymer has a 
m o l e c u l a r  weight of abou t  50,000. T h e r e f o r e ,  copolymers  w i t h  
h igher  m o l e c u l a r  weight were p r e p a r e d  t o  improve these  mechanica l  
p r o p e r t i e s  i n  t h e  s ty rene -ma le i c  a n h y d r i d e  f i l m s .  One copolymer 
was p r e p a r e d  by p o l y m e r i z a t i o n  of  t h e  monomers i n  methylene c h l o r i d e  
s o l u t i o n ,  f o l l o w i n g  a method developed  by Hibbard  ( r e f .  2 ) .  The 
p r o d u c t  has a n  i n t r i n s i c  v i s c o s i t y  of  4 .3  compared t o  0 . 8  f o r  
t h e  L y t r o n  810 r e s i n .  Small  samples of  f i l m s  p r e p a r e d  from t h i s  
polymer have much greater  f l e x i b i l i t y  t h a n  s imi la r  f i l m s  made 
from L y t r o n  810 copolymer.  However, i t  i s  d i f f i c u l t  t o  p r e p a r e  
f i l m s  o f  t h i s  polymer w i t h  t h i c k n e s s e s  o v e r  0 . 4  m i l ,  b ecause  
of i t s  low s o l u b i l i t y .  

T h e r e f o r e ,  two polymers w i t h  m o l e c u l a r  weights  i n t e r m e d i a t e  
between Ly t ron  810 copolymer ([II] - 0 . 8 )  and t h i s  h i g h  molecu la r  
weight copolymer 99119 ( [ r ]  - 4 . 3 )  were p r e p a r e d  by p o l y m e r i z a t i o n  
i n  methylene  c h l o r i d e  c o n t a i n i n g  $ - n i t r o s t y r e n e  as c h a i n  t e r m i n a t o r  
(Table  1). Polymers p r e p a r e d  w i t h  0 .015  and 0.048% t e r m i n a t o r  
had a p p r o x i m a t e l y  t h e  same molecu la r  weight ( [ “ I  - 1 . 8 ) .  These 
polymers  had b e t t e r  f i l m  forming p r o p e r t i e s  t h a n  polymer 99119.  

2 .  S t v r e n e - M a l e i c  A n h v d r i d e - M e t h y l  M e t h a c r v l a t e  T e r o o l . v m e r s  

r u n  t o  d e t e r m i n e  t h e  b e s t  r e a c t i o n  c o n d i t i o n s  f o r  p r e p a r a t i o n  
of h i g h  m o l e c u l a r  weight  t e rpo lymers  w i t h  h i g h  maleic  anhydr ide  
c o n t e n t .  Two g e n e r a l  r e a c t i o n  p r o c e d u r e s  were used :  

A s e r i e s  of  p o l y m e r i z a t i o n s  w i t h  t h e  above monomers was 

1. P o l y m e r i z a t i o n  i n  bu lk  a t  6 O o C  i n  n i t r o g e n  atmosphere 
w i t h  0 . 0 2  weight  % azo-bis-isobutyronitrile c a t a l y s t ;  

2 .  P o l y m e r i z a t i o n  i n  r e f l u x i n g  5% methylene  c h l o r i d e  
s o l u t i o n  w i t h  e i t h e r  l a u r o y l  p e r o x i d e  o r  azo-b is -  
i s o b u t y r o n i t r i l e  c a t a l y s t .  

@ M o n s a n t o  Company t r a d e m a r k  

4 
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The d a t a  o b t a i n e d  are i n  Table  1. These data can  be summarized as 
as f o l l o w s :  

1. V a r i a t i o n s  i n  t h e  r a t i o  o f  r e a c t a n t s  r e s u l t  In o n l y  
small changes  i n  polymer composi t ion  due t o  a v e r y  marked azeo- 
t r o p i c  e f f e c t ;  

2. V a r i a t i o n s  i n  t he  r a t i o  o f  r e a c t a n t s  markedly e f f e c t s  
t h a t  r a t e  o f  p o l y m e r i z a t i o n  i n  b u l k .  For  example,  i n c r e a s i n g  t h e  
r a t i o  of maleic anhydr ide  t o  s t y r e n e  by a f a c t o r  of  2 1 / 2  i n  
t h e  c h a r g e  doubled  t h e  r a t e  o f  r e a c t i o n ;  

3 .  Monomer c h a r g e s  wi th  h igh  r a t i o s  of  maleic a n h y d r i d e  
t o  s t y r e n e  gave polymers  w i t h  low d e g r e e s  of p o l y m e r i z a t i o n ,  i n  
b u l k  r e a c t i o n s ,  b u t  gave polymers t h a t  have h igh  degrees of  
p o l y m e r i z a t i o n  and form u s a b l e  f i l m s ,  i n  s o l u t i o n  p o l y m e r i z a t i o n s  
i n  methylene  c h l o r i d e ;  

4 .  I n  t h e  s o l u t i o n  p o l y m e r i z a t i o n s ,  l a u r o y l  p e r o x i d e  
c a t a l y s t  c o n s i s t e n t l y  y i e l d e d  polymers  w i t h  s l i g h t l y  h igher  
m o l e c u l a r  w e i g h t s  t h a n  t h o s e  p r e p a r e d  w i t h  t h e  a z o  c a t a l y s t .  

m e t h a c r y l a t e  t e r p o l y m e r s  (Table  2 ) .  These monomers s a p o n i f y  t o  
d i c a r b o x y l i c  a c i d s  and have copo lymer i za t ion  r e a c t i v i t y  r a t i o s  
w i t h  s t y r e n e  ( r e f .  3 )  t h a t  should  a l l o w  p r o d u c t i o n  o f  polymers  

b o t h  d i e t h y l  fumarate and monoethyl fumara te  i s  extremely low 
and p o l y m e r i z a t i o n  i n  methylene c h l o r i d e  was i m p r a c t i c a b l y  s low.  
Also, a v i s c o s i t y  d e t e r m i n a t i o n  o f  t h e  t e r p o l y m e r  c o n t a i n i n g  t h e  
monoethyl  fumara te  i n d i c a t e d  t h a t  i t s  molecu la r  weight was n o t  
h igh  enough t o  g i v e  mechan ica l ly  s t r o n g  f i l m s .  

An a t t e m p t  was a l s o  made t o  p r e p a r e  s tyrene- fumara te-methyl  

with apprec iab le  fum5rat.e cor.te.n.ts. Hm:ever, t h e  r e s c t i v i t y  sf 

3 .  S t v r e n e - M a l e i c  A n h v d r i d e - M e t h v l  M e t h a c r y l a t e - M e t h v l  
7 R r v l a t e  T e t r a p o l y m e r s  

The s ty rene -ma le i c  anhydr ide-methyl  m e t h a c r y l a t e  t e r p o l y m r s  
were mod i f i ed  by  add ing  methyl  a c r y l a t e  u n i t s  t o  lower  e l e c t r i c a l  
r e s i s t i v i t y  i n  40% KOH by i n c r e a s i n g  t h e  c o n t e n t  of h y d r o l y z a b l e  
g r o u p s .  S e v e r a l  polymers w i t h  d i f f e r e n t  r a t i o s  o f  t h e  f o u r  monomers 
were p r e p a r e d  by b u l k  p o l y m e r i z a t i o n .  Data d e s c r i b i n g  these 
polymers  are i n  T a b l e  2 .  V i s c o s i t y  measurements show t h a t  t h e  
m o l e c u l a r  weights  of  these polymers are s l i g h t l y  higher  t h a n  
t h o s e  of t h e  t e r p o l y m e r s .  

I n  o u r  tes ts  of s e p a r a t o r s  made from these polymers  (see 
S e c t i o n  111, B )  we found tha t  polymers  w i t h  h i g h  c o n t e n t s  o f  t h e  
h y d r o l y z a b l e  anhydr ide  and a c r y l a t e  g roups  had h i g h  s o l u b i l i t y  
i n  40% KOH. S i n c e  t h i s  t y p e  polymer s h o u l d  have t h e  bes t  e l e c t r i c a l  
p r o p e r t i e s ,  t h e y  are  be ing  modified by i n t r o d u c t i o n  o f  s i t e s  for 
c r o s s l i n k i n g .  These l i n e a r  polymers w i l l  t h e n  b e  c r o s s l i n k e d  
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d u r i n g  f i l m  f o r m a t i o n  t o  reduce  s o l u b i l i t y  i n  40% KOH. 2-Chloro- 
e t h y l v i n y l  e t h e r  i s  b e i n g  used as a s i t e  f o r  t h e  c r o s s l i n k i n g  
r e a c t i o n .  Three  polymers  (991423, 99145 and 99146 i n  T a b l e  2 )  
have been p r e p a r e d  by b u l k  copo lymer i za t ion  o f  5 o r  1 0  weight  X 
2 - c h l o r o e t h y l v i n y l  e the r  w i t h  t h e  monomers i n  a s t a n d a r d  tetra- 
polymer.  The c h l o r o e t h y l  s u b s t i t u t e d  monomer caused  o n l y  a 
modera te  decrease i n  r a t e  and degree of p o l y m e r i z a t i o n  of  these 
polymers .  The p r o d u c t s  are now b e i n g  a n a l y z e d  f o r  c h l o r i d e .  

4. 40:60  2-Vinvlpvridine-Methvl M e t h a c r y l a t e  C o p o l v m e r  

A s t u d y  o f  t h e  r e a c t i o n  c o n d i t i o n s  used  t o  p r e p a r e  t h i s  
polymer t o  i n c r e a s e  polymer molecu la r  weight was s t a r t e d .  The 
p o l y m e r i z a t i o n s  were c a r r i e d  ou t  i n  p r e s s u r e  b o t t l e s .  A 30 t o  70  
mole r a t i o  o f  t h e  monomers, 2 - v i n y l p y r i d i n e  and methyl  m e t h a c r y l a t e ,  
t o g e t h e r  w i t h  azo-bis-isobutyronitrile c a t a l y s t  were cha rged  t o  
t h e  b o t t l e s  and f l u s h e d  w i t h  n i t r o g e n .  The b o t t l e s  were t h e n  
sealed and shaken  i n  a b a t h  a t  c o n t r o l l e d  t e m p e r a t u r e .  The 
p r o d u c t s  were i s o l a t e d  by p r e c i p i t a t i o n  w i t h  hexane and p u r i f i e d  
by th ree  s u c c e s s i v e  r e p r e c i p i t a t i o n s  u s i n g  to luene /hexane  as t h e  
s o l v e n t / p r e c i p i t a n t  combina t ion .  

The f o l l o w i n g  r e a c t i o n  c o n d i t i o n s  were v a r i e d :  

a .  t e m p e r a t u r e  ( 4 0 ,  60°C);  

b. amount of c a t a l y s t  ( t o  g i v e  r a t e  of i n i t i a t i o n  
e q u i v a l e n t  t o  0 . 0 2  and 0 .005  w t X  a t  60°C); 

c .  c o n v e r s i o n  (10-20,  40,  6 0 ) .  

The r e s u l t s  o f  p o l y m e r i z a t i o n s  done s o  f a r  are  g i v e n  i n  T a b l e  3 .  
Polymers w i t h  s i g n i f i c a n t l y  higher m o l e c u l a r  weights  were o b t a i q e d  
by p o l y m e r i z a t i o n  t o  c o n v e r s i o n s  above 35%,  i n d i c a t i n g  t h a t  
c o u p l i n g  i s  a major  mode of  c h a i n  t e r m i n a t i o n  f o r  t h i s  polymer.  

The r e s u l t s  a l s o  i n d i c a t e  t h a t  l o w e r i n g  t h e  r e a c t i o n  
t e m p e r a t u r e  a p p e a r s  t o  g i v e  a s l i g h t  i n c r e a s e  i n  m o l e c u l a r  w e i g h t .  
However, more data are needed t o  de t e rmine  t h e  e x a c t  magni tude 
o f  t h i s  e f f e c t .  The v a r i a t i o n s  i n  ra te  o f  i n i t i a t i o n  tha t  were 
made i n  r u n s  a t  60°C gave  no s i g n i f i c a n t  change i n  t h e  molecu la r  
weight o f  t h e  p r o d u c t .  

B .  E V A L U A T I O N  OF S E P A R A T O R  P R O P E R T I E S  

E v a l u a t i o n  of f i l m s  p r e p a r e d  from s t y r e n e - m a l e i c  anhydr ide  
copolymers  and from s ty rene -ma le i c  anhydr ide -me thac ry la t e  t e r -  
and t e t r a p o l y m e r s  as s e p a r a t o r  materials f o r  t h e  s i l v e r - z i n c  
c e l l s  was s tar ted.  The f i l m s  were p r e p a r e d  by c a s t i n g  f i l t e r e d  
s o l u t i o n s  of t h e  polymers  i n  me thy l  e t h y l  ke tone  o n t o  po lypropy lene  

a 
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s h e e t s ,  l e v e l i n g  w i t h  a Gardner blade and d r y i n g  i n  a n  oven a t  
35OC. 
was abou t  8%. 

The c o n c e n t r a t i o n  u s e d  f o r  polymers  w i t h  r~~ of 2 at 0.05% 

The c o n c e n t r a t i o n  o f  polymer 99119 was abou t  3 % .  

The f o l l o w i n g  f i l m  p roper t ies  are b e i n g  measured t o  d e t e r m i n e  
s t a b i l i t y  and d u r a b i l i t y  i n  40% KOH a t  135OC, e l e c t r i c a l  r e s i s t i v i t y  
i n  40% KOH, and mechan ica l  s t r e n g t h  when d r y  and when soaked i n  
e l e c t r o l y t e :  

1. d imens ions ;  
2 .  e l e c t r o l y t e  a b s o r p t i o n ;  
3 .  e l e c t r i c a l  r e s i s t a n c e ;  
4 .  appea rance ;  
5.  t e n s i l e  s t r e n g t h .  

The p r o c e d u r e s  used t o  measure these p r o p e r t i e s  were 
d e s c r i b e d  b e f o r e  i n  ou r  Summary Repor t  ( r e f .  1). T e n s i l e  s t r e n g t h  
d e t e r m i n a t i o n s  made of d r y  and soaked f i l m s  are  i n  T a b l e  4 and 
t h e  e l e c t r i c a l  p r o p e r t i e s  of s t e r i l i z e d  f i l m s  are i n  T a b l e  5. 

The i n i t i a l  d e t e r m i n a t i o n s  of t e n s i l e  s t r e n g t h  show tha t  
t h e  t e t r a p o l y m e r s  have s t r e n g t h s  comparable  t o  t h e  t e r p o l y m e r s  
and h igher  t h a n  t h e  copolymers.  The h i g h e r  m o l e c u l a r  weight  

s t r e n g t h s  t h a n  L y t r o n  810 copolymer ( r e f .  1) i n  a d d i t i o n  t o  
hav ing  much greater  f l e x i b i l i t y  and b e n d a b i l i t y  when d r y .  

s t y r e n e - m a l e i c  anhydride p o l y m e r s  have slightly k ; i ghe r  t e i l s i lz  

The d u r a b i l i t y  of  t h e  f i l m s '  i n  40% KOH was t e s t ed  by 
s t e r i l i z a t i o n  a t  135°C f o r  64  h r s .  S e v e r a l  f i l m s  were a l s o  
s t e r i l i z e d  i n  40% KOH c o n t a i n i n g  1M ZnO t o  d e t e r m i n e  t h e  e f f e c t  
of t h e  z i n c a t e  i o n s  on t h e  e l e c t r i c a l  p r o p e r t i e s  of t h e  s e p a r a t o r s .  
The p r o p e r t i e s  o f  t he  s t e r i l i z e d  f i l m s  can be summarized as f o l l o w s :  

were o b t a i n e d  from s t e r i l i z e d  s e p a r a t o r s  made from most of  t h e  
s t y r e n e - m a l e i c  anhydride-methyl  m e t h a c r y l a t e  t e r p o l y m e r s  and 
s t y r e n e - m a l e i c  anhydride-methyl  me thac ry la t e -me thy l  a c r y l a t e  
t e t r a p o l y m e r s  as w e l l  as t h e  s t y r e n e - m a l e i c  anhydr ide  copolymers .  

1. Acceptably  low ( u n d e r  60  ohm-in.) e l e c t r i c a l  r e s i s t i v i t i e s  

2 .  Te t r apo lymers  w i t h  h i g h  c o n t e n t s  o f  h y d r o l y z a b l e  g r o u p s  
(99132, 99138B, 99138C, 99137) t h a t  shou ld  have lower  e l e c t r i c a l  
r e s i s t i v i t i e s  d i s s o l v e d  i n  e l e c t r o l y t e  d u r i n g  s t e r i l i z a t i o n .  
Two t e r p o l y m e r s ,  9 9 1 1 7  and 99118, a l s o  p a r t i a l l y  d i s s o l v e d  d u r i n g  
s t e r i l i z a t i o n .  T h i s  s u g g e s t s  t h a t  t h e  a n h y d r i d e  c o n t e n t  of these 
polymers  i s  h i g h e r  t h a n  was found by d i r e c t  t i t r a t i o n  f o r  a c i d  
e q u i v a l e n t .  
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3. Polymer sa;r,ples t h a t  had low e l e c t r o l y t e  a b s o r p t i o n  
had t h e  h ighes t  r e s i s t i v i t i e s ,  as e x p e c t e d .  The c a u s e s  of t h e  
r e l a t i v e l y  l a rge  v a r i a t i o n s  i n  e l e c t r o l y t e  a b s o r p t i o n  found f o r  
d i f f e r e n t  samples of t h e  same polymer ( e . g .  207 and 488% f o r  9 9 1 2 1 )  
are n o t  comple t e ly  known. I n  some c a s e s ,  we have found t h a t  
samples  f a s t e n e d  o n t o  T e f l o n  c y l i n d e r s  (one  exposed s u r f a c e )  
a b s o r b  l ess  e l e c t r o l y t e  t h a n  samples exposed i n  T e f l o n  frames 
( two exposed s u r f a c e s )  and t h e r e f o r e ,  a l l  samples are now 
s t e r i l i z e d  i n  T e f l o n  frames. 

4 .  S e v e r a l  samples were h e l d  i n  t h e  T e f l o n  frames by 
i n s e r t i n g  T e f l o n  p l u g s  through b o t h  t h e  s e p a r a t o r  sample and 
t h e  frame. Samples of polymers  99119, 99130B, 99115 and 99127 
t h a t  were s t e r i l i z e d  i n  t h i s  way m a i n t a i n e d  s u r f a c e  d imens ions  
w e l l  w i t h o u t  f o r m a t i o n  o f  any c r a c k s  o r  o t h e r  i m p e r f e c t i o n s  from 
s t r a i n  s t resses .  T h i s  i n d i c a t e s  t h a t  d imens iona l  changes  i n  
t h e  s e p a r a t o r  caused  by s t r u c t u r a l  changes i n  t h e  polymer d u r i n g  
h y d r o l y s i s  can  be  c o n t r o l l e d  e a s i l y .  

C .  ANALYSIS OF POLYMERS 

1 .  S t y r e n e - M a l e i c  A n h y d r i d e - M e t h y l  M e t h a c r y l a t e  T e r p o l y m e r s  

The compos i t ion  of t h e s e  polymers  was de te rmined  from 
their elemental aiialysis f o r  carbcr! a ~ c !  h57drngen toge the r  w i t h  
t h e i r  n e u t r a l i z a t i o n  e q u i v a l e n t s .  The method used  t o  measure 
n e u t r a l i z a t i o n  e q u i v a l e n t s  was d e s c r i b e d  b e f o r e  ( r e f .  1 1 . .  
L y t r o n  819 copolymer gave a c o r r e c t  a n a l y s i s  by t h i s  method. 
However, t h e  h i g h  molecu la r  weight  copolymer 99119 a n a l y z e d  on ly  
80% of t h e o r e t i c a l  based on a 1:l copolymer.  

The n e u t r a l i z a t i o n  e q u i v a l e n t s  r e p o r t e d  i n  T a b l e  1 are 
t h o s e  found from t h i s  t i t r a t i o n .  Values  found from e l e m e n t a l  
a n a l y s i s  a l s o  i n d i c a t e  t h a t  maleic anhydr ide  c o n t e n t s  of  t h e  
t e r p o l y m e r s  are unde r  40% and t h a t  compos i t ions  of a l l  polymers  
are  v e r y  s imilar .  

Some improvement i n  t h e  a c c u r a c y  o f  t h i s  method w i t h  t h e  
h igher  m o l e c u l a r  weight samples was o b t a i n e d  by add ing  l g  of  
sodium c h l o r i d e  t o  each sample .  The p r e s e n c e  o f  t h e  sodium i o n  
made t h e  end p o i n t  sharper  and t h e  accu racy  of  a n a l y s i s  of 
copolymer 99130B, assuming 1:l copolymer composi t ion ,  was 92%. 

Attempts  t o  measure compos i t ion  of  t h e  t e r p o l y m e r s  from 
t h e  a b s o r p t i o n s  i n  t h e  i n f r a r e d  of t he  a-methyl and e s t e r  g roups  
o f  t h e  me thy l  methacrylate component and t h e  anhydr ide  g roups  
o f  t h e  m a l e i c  anhydr ide  component i n  t e rpo lymer  samples  were 
n o t  s u c c e s s f u l .  Two measures  o f  a b s o r p t i o n  were de te rmined .  
The band h e i g h t s  o f  these a b s o r p t i o n s  w e r e . n o t  r e p o r d u c i b l e .  
The band areas gave c o m p o s i t i o n - v a l u e s  t ha t  d i d  n o t  c o r r e l a t e  
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w i t h  c o m p o s i t i o n s  of polymers  t h a t  were de te rmined  from n e u t r a l -  
i z a t i o n  e q u i v a l e n t s  and e l e m e n t a l  a n a l y s i s .  Adjacent  a b s o r p t i o n  
bands from t h e  s t y r e n e  component of t h e  t e r p o l y m e r s  a p p a r e n t l y  
i n t e r f e r e d  w i t h  t h i s  measure.  

2. Styrene-Maleic Anhydride-Methyl Methacrylate-Methyl Acrylate 
Tetrapolymers 

Because o f  t h e  large number of components i n  these  polymers ,  
a n a l y s i s  has been l i m i t e d  t o  d e t e r m i n a t i o n  o f  h y d r o l y z a b l e  g r o u p s .  
N e u t r a l i z a t i o n  e q u i v a l e n t s ,  u s i n g  t h e  sodium c h l o r i d e  m o d i f i c a t i o n  
of t h e  p r o c e d u r e  d e s c r i b e d  above, were de te rmined  t o  measure 
a n h y d r i d e  c o n t e n t .  We are  a l so  a t t e m p t i n g  t o  d e t e r m i n e  a c r y l a t e  
c o n t e n t  f rom s a p o n i f i c a t i o n  e q u i v a l e n t s .  The m e t h a c r y l a t e  g roups  
are  c o n s i d e r e d  non-hydrolyzable ,  s i n c e  t h e y  do n o t  s a p o n i f y  i n  
these  polymers  under  m i l d  s a p o n i f i c a t i o n  c o n d i t i o n s .  

Samples of  t h e  t e t r a p o l y m e r s  were s a p o n i f i e d  by h e a t i n g  
o v e r n i g h t  a t  8 5 O C  i n  s t a n d a r d i z e d  2 N  NaOH i n  p r e s s u r e  b o t t l e s  t o  
c o n v e r t  t h e  anhydr ide  and a c r y l a t e  g rnups  t o  t h e i r  s a l t s .  The 
polymers  d i s s o l v e d  d u r i n g  s a p o n i f i c a t i o n .  However, i t  was n o t  
p o s s i b l e  t o  d e t e r m i n e  r e p r o d u c i b l e  t i t r e s  by d i r e c t  t i t r a t i o n  
w i t h  a c i d  o r  back t i t r a t i o n  w i t h  base a f t e r  a c i d i f i c a t i o n  because  
o f  i n c o m p l e t e  r e a c t i o n  n e a r  t h e  end p o i n t  caused  by p r e c i p i t a t i o n  
Cf t h e  pclymer near t h e  neutralizatizn pint. 

3. 2-Vinylpyridine-Methyl Methacrylate Copolymer 

Composi t ion of  these  copolymers was r e a d i l y  de t e rmined  
by t i t r a t i o n  w i t h  p e r c h l o r i c  a c i d  i n  a c e t o n i t r i l e - a c e t i c  a c i d  
s o l v e n t .  The method developed  by Tamikado ( r e f .  4 )  was u s e d ,  
Polymers  t h a t  ana lyzed  45 and 32  mole % 2 - v i n y l p y r i d i n e  from 
e l e m e n t a l  n i t r o g e n  d e t e r m i n a t i o n s ,  a n a l y z e d  39 .5  + 1 . 5  and 
29.2 - + 0.4 mole %, r e s p e c t i v e l y ,  by t h i s  t i t r a t i o n  method. 

t hese  polymers  as a n  a n a l y t i c a l  method was a l s o  t r i e d .  T h i s  
method has been used f o r  a n a l y s i s  of s ty rene -me thy l  m e t h a c r y l a t e  
copolymers  ( r e f .  5 ) .  However, we found t h a t  t h e  d i f f e r e n c e  
i n  r e f r a c t i v e  index  between me thy l  e t h y l  k e t o n e  s o l u t i o n s  of  
2 -v iny lpyr id ine -me thy l  methacrylate copolymers w i t h  4 0  and 20  
mole % 2-VP was t o o  small t o  d e t e c t  t h e  d i f f e r e n c e s  i n  polymer 
c o m p o s i t i o n .  

The u s e  of measures  o f  r e f r a c t i v e  index  of  s o l u t i o n s  of  

1 4  
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I V .  PROGRAM P L A N  

A .  G E N E R A L  

The overall approach to be followed in accomplishing our 
contract objectives can be divided into the following five phases: 

1. Optimization of copolymers; 

2. Optimization of terpolymers; 

3. Development of new separator materials; 

4. Comprehensive tests; 

5. Preparation o f  film samples. 

Our long-range program planning chart showing the proposed 
distribution of effort for each of these phases is given in 
Table 6. 

B .  A N T I C I P A T E D  WORK F O R  N E X T  Q U A R T E R  

1. Cnmp1et.e the s t u d y  of the effect of reaction parameters 
on molecular weight of the 40:60  2-vinylpyridine-methyl methacrylate 
copolymer. 

2. Develop methods to crosslink both the 2-vinylpyridine- 
methyl methacrylate copolymers.and the styrene-maleic anhydride- 
methyl methacrylate-methyl acrylate tetrapolymers during film 
formation. 

3. Determine the degree of crosslinkage necessary to 
insolubilize tetrapolymers with high maleic anhydride-methyl 
acrylate contents in 40% KOH. 

4. Evaluate the electrical and mechanical properties, 
before and after sterilization, of films prepared from the 
modified polymers. 
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